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Objective. Small for gestational age (SGA) is associated with increased neonatal morbidity and mortality. At present, evidence on
whether these pregnancies should be managed expectantly or by induction is lacking. To get insight in current policy we analysed
data of the National Dutch Perinatal Registry (PRN). Methods. We used data of all nulliparae between 2000 and 2005 with a
singleton in cephalic presentation beyond 36+0 weeks, with a birth weight below the 10th percentile. We analysed two groups of
pregnancies: (I) with isolated SGA and (II) with both SGA and hypertensive disorders. Onset of labour was related to route of
delivery and neonatal outcome. Results. Induction was associated with a higher risk of emergency caesarean section (CS), without
improvement in neonatal outcome. For women with isolated SGA the relative risk of emergency CS after induction was 2.3 (95%
Confidence Interval [CI] 2.1 to 2.5) and for women with both SGA and hypertensive disorders the relative risk was 2.7 (95% CI 2.3
to 3.1). Conclusion. Induction in pregnancies complicated by SGA at term is associated with a higher risk of instrumental deliveries
without improvement of neonatal outcome. Prospective studies are needed to determine the best strategy in suspected IUGR at
term.
1. Introduction
Intrauterine growth restriction (IUGR) and hypertensive
disorders in pregnancy are important complications of
pregnancy and are, also in term pregnancies, associated with
an increased risk of maternal and perinatal morbidity and
mortality [1–5]. At present there is evidence on the optimal
treatment of pregnancies complicated by hypertension at
term concerning the prevention of maternal morbidity [6].
However, evidence on the best management strategy for at
term intrauterine growth restriction concerning neonatal
outcome and labour process is still lacking. Dutch guidelines
on the subject suggest either expectant management under
strict monitoring of mother and child or induction of labour.
On the one hand induction might preempt intrauterine fetal
death. On the other hand induction of labour is thought to be
associated with an increased rate of instrumental deliveries
or emergency caesarean sections in retrospective studies
[7–9]. Also neonatal outcome might be less favourable,
related to induction of labour at a relatively early gestational
age [10–12]. On the contrary, it has been demonstrated
prospectively that induction of labour does not increase the
risk for caesarean section while it reduces the risk of severe
maternal morbidity [6]. Composite neonatal outcome in this
study showed comparable neonatal outcome after induction
and an expectant monitoring policy, but these children
were not explicitly growth restricted [6]. To compare the
neonatal outcome and intervention rates between induction
and expectant monitoring of pregnancies complicated by
growth restriction at term a multicentre randomised trial,
the Disproportionate Intrauterine Growth Intervention Trial
At Term (DIGITAT trial), was performed [13]. Prior to the
results of this trial, we investigated current management
policy on this subject in The Netherlands and analysed
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retrospectively data of the National Dutch Perinatal Registry
(PRN) of pregnancies complicated by SGA at term to
examine the onset of labour related to the mode of delivery
and immediate neonatal outcome.
2. Methods
In the National Dutch Perinatal Registry (PRN) a distinction
is made between primary care by midwives of low-risk
pregnancies (LVR1) and secondary and tertiary care by
obstetricians for women with an increased perinatal risk
(LVR2). We used data of the LVR2 between 2000 and
2005 to select those children delivered with a birth weight
below the 10th percentile. In addition, we registered if these
pregnancies were complicated by preeclampsia or gestational
hypertension. Only nulliparae with a singleton pregnancy
in cephalic presentation that ended after 36+0 weeks were
included.We excluded women with pregnancies complicated
by stillbirths as well as women who delivered a child
with congenital abnormalities. Gestational hypertension
was defined as diastolic blood pressure above 90mmHg
(Korotkoﬀ V), measured at two occasions in normotensive
women before pregnancy. Preeclampsia was defined as a
diastolic blood pressure above 90mmHg and proteinuria
of at least 300 milligrams per 24 hours [14]. SGA was
defined as a birth weight below the 10th percentile, according
to the Dutch growth charts of Kloosterman [15]. Between
January first 2000 and December 31st 2004 a total of
253.235 nulliparae with a singleton pregnancy delivered after
36+0 weeks under secondary and tertiary care. Of these
253.235 pregnancies 799 neonates died before delivery. Of
the remaining 252.436 two groups of women were analysed:
(i) 14.416 women who delivered a child with a birth weight
below the 10th percentile without hypertension and (ii) 4574
women with pregnancies complicated by both IUGR and
hypertensive disorders. Of all these women the onset of
labour was recorded this was either a spontaneous onset,
induction of labour with prostaglandins or amniotomy, or
an elective caesarean section. In both groups of women onset
of labour was related to the labour process (spontaneously,
instrumental vaginal delivery and emergency or elective
caesarean section) and to immediate neonatal outcome
(intrapartum death, live birth with Apgar score <7 versus
Apgar score ≥7 after 5 minutes). Adverse neonatal out-
come was defined by neonatal outcome of 5-minute Apgar
score <7 or intrapartum death. Both labour process and
adverse neonatal outcome were primary outcomes of this
retrospective study. Diﬀerences in the groups between the
labour process and outcome were expressed as relative risks
with confidence intervals of 95%. Statistical analysis was
performed using SPSS software (version 16.0, Chicago, IL).
3. Results
A total of 14.416 normotensive women delivered a child with
a birth weight below the 10th percentile (group I). Table 1
shows the data of 14.294 women of whom both onset of
labour and outcome of delivery, was known. Out of 14.347
pregnancies the immediate neonatal outcome as well as onset
of labour was known (Table 2).
Out of 4.574 women with pregnancies complicated by
hypertensive disorders (preeclampsia or gestational hyper-
tension) a child with a birth weight below the 10th percentile
was born (group II). Table 3 shows the results of the 4540
women of whom the onset of labour as well as route of
delivery was known. Table 4 displays the results of 4557
women of whom both onset of labour and immediate
neonatal outcome were known.
In both SGA groups, we found a higher risk of instru-
mental delivery after induction of labour with prostaglandins
(Tables 1 and 3). We also found a higher risk of emergency
caesarean section after induction of labour with oxytocine
or amniotomy, but this was most obvious after priming with
prostaglandins; in group I with isolated SGA the relative risk
for emergency caesarean section was 2.3 (95% confidence
interval (CI) 2.1 to 2.5) and in group II (IUGR complicated
by preeclampsia or gestational hypertension) the relative
risk for emergency caesarean was 2.7 (95% CI 2.3 to 3.1).
Induction of labour with prostaglandines was not associated
with an increased risk of adverse neonatal outcome. For
the women with a combination of SGA and hypertensive
disorders we found a higher risk of adverse neonatal outcome
after elective caesarean section (RR 1.9; 95% CI 1.1 to 3.2).
4. Discussion
We examined a cohort of 18.990 women who delivered a
child that was small for gestational age in the presence or
absence of hypertensive disorders at term. In this cohort we
found a distinct association between induction of labour and
a higher risk of emergency caesarean sections. This asso-
ciation was most obvious in priming with prostaglandins.
We also found a higher risk of instrumental deliveries after
induction of labour, whereas induction did not improve the
composed adverse neonatal outcome (5-minute Apgar score
<7 and intrapartum death).
The strength of the present study is that analysis was
performed on a large cohort of women who delivered a child
with a birth weight below the 10th percentile.
We did not find a benefit of inducing labour for isolated
SGA nor for SGA with pregnancy-related hypertensive dis-
orders for the immediate neonatal outcome. In pregnancies
with a suspected growth restricted child, there are still
doubts concerning the best policy [16]. Inducing labour
might prevent possible perinatal morbidity and mortality, by
freeing the growth restricted child from the undernourished
environment. On the contrary observational studies showed
that antenatal detection of growth restriction may be associ-
ated with an increased incidence of obstetric interventions,
with no demonstrable positive eﬀect upon the short-term
neonatal outcome [17]. Also higher rates of preterm delivery
are found mainly as a consequence of medical interventions
to avoid fetal compromise in children with an antenatal
diagnosis of intrauterine growth retardation [18].
Like other retrospective studies, we found that induction
of labour in pregnancies, complicated by both SGA and
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Table 1: Process of labour in pregnancies complicated by SGA.
Route of delivery RR (95% CI)












Amniotomy 231 (2) 151 43 37 0 1.3 (0.95–1.7) 0.87 (0.73–1.0)
Oxytocine 1235 (9) 778 221 236 0 1.5 (1.3–1.7) 0.93 (0.86–1.0)
Prostaglandins 2191 (15) 1176 394 621 0 2.3 (2.1–2.5) 1.16 (1.1–1.2)
Spontaneous onset 10182 (71) 6125 2780 1277 0 ref ref
Planned caesarean 455 (3) 0 0 0 455 n.a. n.a.
Total 14.294/14.416 8230 3438 2171 455
Displayed n (%). RR: relative risk; 95% CI: 95% confidence interval; ref: reference; n.a.: not appropriate
Table 2: Neonatal condition after birth in pregnancies complicated
by SGA.
Neonatal outcome RR (95% CI)
Intrapartum
death
AS < 7 AS ≥ 7
AS < 7 or
Intrapartum
death





























Displayed n (%). AS: Apgar-score after 5 minutes, RR: relative risk; 95%CI:
95% confidence interval; ref: reference; n.a.: not appropriate
hypertensive disorders in pregnancy, is associated with
an increase in the caesarean section rate. In a study on
induction of labour in primigravid women a doubling in
the numbers of caesarean sections was found related to
induction. This outcome was independent of the reason of
induction [7]. This finding has to be weighted against the
risk for complications for both mother and child in a next
pregnancy [19]. However, most studies contain retrospective
data, and there is evidence to doubt that these findings also
apply in prospective trials [6]. Unfortunately, we can not
exclude a possible selection bias, where the most severe cases
(i.e., with the worse antenatal assessments) being induced
with a less favourable cervix, as information on maternal and
fetal condition as well as cervical condition are not registered
in the PRN database. Moreover, one can only speculate about
outcomes if these pregnancies would not have been induced
but spontaneous onset of labour was awaited.
In our cohort we selected children retrospectively after
they were born with a birth weight below the 10th percentile,
so actually we selected children that were born small for
gestational age. We cannot therefore automatically translate
the results of this study to pregnancies in which IUGR
is suspected antenatally by ultrasound. We were also not
informed on ethnicity, which could be an important explain-
ing variable for the diﬀerent outcomes. It is well known
that the use of customised growth curves results in a better
selection of children who are actually growth restricted and
in a better risk selection of perinatal mortality and morbidity
[20]. In The Netherlands these curves are not generally
applied and the PRN does not contain all items for the
calculation of these customised curves retrospectively.
In both groups of women direct neonatal outcome after
elective caesarean section was remarkably less optimal than
after a delivery that started vaginally. Fetal compromise after
elective caesarean before 39 weeks of gestation might have
been a contributing factor for that finding [21]. Further-
more, the occurrence of maternal hypotension due to spinal
anaesthesia, leading to hypoperfusion of the placenta in an
already compromised fetal condition, could be an explaining
factor [22]. Moreover, we cannot exclude that elective
caesarean section was performed in the most compromised
pregnancies (e.g., with nonreassuring fetal heart rate) and
subsequently represent a worse adverse outcome.
In a pilot study on pregnancies with IUGR at term it was
found that it is feasible to randomise for this complication
between immediate induction of labour or to a careful
waiting policy until spontaneous delivery [23]. The study
showed a randomisation to delivery interval of two weeks
and an increase in mean birth weight of 100 grams in the
expectant management group. No diﬀerences in obstetrical
interventions and neonatal morbidity were found. This study
was underpowered for neonatal outcome, and evidence on
the best management strategy awaits prospective evaluation.
The DIGITAT trial (Disproportionate Intrauterine Growth
Intervention Trial At Term, ISRCT10363217) is investigating
early induction versus expectant management in pregnancies
complicated by IUGR at term, and results are underway [13].
The trial randomised 650women and studied similar policies
as the HYPITAT trial did for hypertension during pregnancy
[6]. These trials are embedded in the Dutch Obstetric Con-
sortium. Over 50 hospitals, academic and nonacademic, par-
ticipated in these two trials (http://www.studies-obsgyn.nl).
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Table 3: Process of labour in pregnancies complicated by SGA and hypertensive disorders (with or without proteinuria).














Amniotomy 112 (3) 63 26 23 0 1.6 (1.1–2.3) 1.1 (0.91–1.4)
Oxytocine 720 (16) 420 148 152 0 1.6 (1.3 – 1.9) 1.1 (0.97–1.2)
Prostaglandins 1733 (39) 872 280 621 0 2.7 (2.3–3.1) 1.3 (1.2–1.4)
Spontaneous onset 1558 (34) 959 394 205 0 ref ref
Planned caesarean 377 (8) 0 0 0 377 n.a. n.a.
Total 4540/4574 2314 848 1001 377
Displayed n (%). RR: relative risk; 95% CI: 95% confidence interval; ref: reference; n.a.: not appropriate
Table 4: Neonatal condition after birth in pregnancies complicated by SGA and hypertensive disorders (with or without proteinuria).
Neonatal outcome RR (95% CI)
Intrapartum death AS < 7 AS ≥ 7
AS < 7 or
Intrapartum
death
Amniotomy 0 4 (4.0) 108 (96.0) 1.4 (0.50–3.7)
Oxytocine 0 23 (3.0) 697 (97.0) 1.2 (0.74–2.0)
Prostaglandins 2 (0.1) 42 (2.4) 1726 (97.5) 0.95 (0.62–1.4)
Spontaneous
onset
1 (0.1) 40 (2.5) 1519 (97.4) Ref
Planned
caesarean
1 (0.2) 19 (4.8) 374 (95.0) 1.9 (1.1–3.2)
Total 4557/4574 4 128 4424
Displayed n (%). AS: Apgar score after 5 minutes, RR: relative risk; 95% CI: 95% confidence interval; ref: reference; n.a.: not appropriate
In conclusion, data collected via the National Dutch
Perinatal Registry show that induction of labour is associated
with an increased risk of emergency caesarean section and
instrumental deliveries in pregnancies that delivered a child
with a birth weight below the 10th percentile with or without
preeclampsia or gestational hypertension at term. The risk
on instrumental delivery is particularly high when labour
is induced with prostaglandins. Compared to spontaneous
delivery, induction of labour does not seem to improve the
neonatal outcomes immediately after birth. However, these
retrospective data represent outcomes in children selected
after they are born with a low birth weight and should not be
extrapolated to settings where growth restriction is suspected
antenatally.
Results of the DIGITAT trial, concerning not only
medical outcomes but also cost, quality of life, and treatment
preference analyses, as well as data of long-term neonatal fol-
lowup will help to elucidate aspects of the best management
strategy in IUGR at term.
Acknowledgments
The authors thank Dr. P. Elferink for her support in this
analysis. The data are derived from the National Dutch
Perinatal Registry. This study was partly financed by ZonMw
Grants 945-04-558.
References
[1] S. Jarvis, S. V. Glinianaia, M. G. Torrioli et al., “Cerebral
palsy and intrauterine growth in single births: European
collaborative study,” The Lancet, vol. 362, no. 9390, pp. 1106–
1111, 2003.
[2] B. Clausson, S. Cnattingius, and O. Axelsson, “Preterm and
term births of small for gestational age infants: a population-
based study of risk factors among nulliparous women,” British
Journal of Obstetrics and Gynaecology, vol. 105, no. 9, pp. 1011–
1017, 1998.
[3] D. D. Mcintire, S. L. Bloom, B. M. Casey, and K. J. Leveno,
“Birth weight in relation to morbidity and mortality among
newborn infants,” New England Journal of Medicine, vol. 340,
no. 16, pp. 1234–1238, 1999.
[4] M. S. Kramer,M.Olivier, F. H.McLean, D.M.Willis, and R. H.
Usher, “Impact of intrauterine growth retardation and body
proportionality on fetal and neonatal outcome,” Pediatrics,
vol. 86, no. 5, pp. 707–713, 1990.
[5] T. C. Chang, S. C. Robson, J. A. D. Spencer, and S. Gallivan,
“Prediction of perinatal morbidity at term in small fetuses:
comparison of fetal growth and Doppler ultrasound,” British
Journal of Obstetrics and Gynaecology, vol. 101, no. 5, pp. 422–
427, 1994.
[6] C. M. Koopmans, D. Bijlenga, H. Groen et al., “Induc-
tion of labour versus expectant monitoring for gestational
hypertension or mild pre-eclampsia after 36 weeks’ gestation
(HYPITAT): a multicentre, open-label randomised controlled
trial,” The Lancet, vol. 374, no. 9694, pp. 979–988, 2009.
Journal of Pregnancy 5
[7] F. P. J. M. Vrouenraets, F. J. M. E. Roumen, C. J. G. Dehing, E.
S. A. VanDen Akker,M. J. B. Aarts, and E. J. T. Scheve, “Bishop
score and risk of cesarean delivery after induction of labor in
nulliparous women,” Obstetrics and Gynecology, vol. 105, no.
4, pp. 690–697, 2005.
[8] N. Van Gemund, A. Hardeman, S. A. Scherjon, and H. H. H.
Kanhai, “Intervention rates after elective induction of labor
compared to labor with a spontaneous onset: a matched
cohort study,” Gynecologic and Obstetric Investigation, vol. 56,
no. 3, pp. 133–138, 2003.
[9] A. S. Maslow and A. L. Sweeny, “Elective induction of labor as
a risk factor for cesarean delivery among low-risk women at
term,” Obstetrics and Gynecology, vol. 95, no. 6, pp. 917–922,
2000.
[10] M. G. Van Pampus, S. A. Scherjon, J. W. Brie¨t, J. R. B. J.
Brouwers, and J. M. M. Brouwers, “Uterine hyperstimulation
following cervix ripening with dinoprostone in a vaginal insert
system,” Nederlands Tijdschrift voor Geneeskunde, vol. 148, no.
39, pp. 1942–1943, 2004.
[11] M. S. Kramer, K. Demissie, H. Yang, R. W. Platt, R. Sauve, and
R. Liston, “The contribution of mild and moderate preterm
birth to infant mortality,” Journal of the American Medical
Association, vol. 284, no. 7, pp. 843–849, 2000.
[12] K. M. Tomashek, C. K. Shapiro-Mendoza, M. J. Davidoﬀ, and
J. R. Petrini, “Diﬀerences in mortality between late-preterm
and term singleton infants in the United States, 1995–2002,”
The Journal of Pediatrics, vol. 151, no. 5, pp. 450–456, 2007.
[13] K. E. Boers, D. Bijlenga, B. W. J. Mol et al., “Disproportionate
intrauterine growth intervention trial at term: DIGITAT,”
BMC Pregnancy and Childbirth, vol. 7, article 12, 2007.
[14] M. A. Brown, M. D. Lindheimer, M. De Swiet, A. Van
Assche, and J. M. Moutquin, “The classification and diagnosis
of the hypertensive disorders of pregnancy: statement from
the International Society for the Study of Hypertension in
Pregnancy (ISSHP),” Hypertension in Pregnancy, vol. 20, no.
1, pp. ix–xiv, 2001.
[15] G. J. Kloosterman, “On intrauterine growth. The significance
of prenatal care,” International Journal of Gynecology &
Obstetrics, vol. 8, pp. 895–912, 1970.
[16] R. Hershkovitz, O. Erez, E. Sheiner et al., “Comparison study
between induced and spontaneous term and preterm births
of small-for-gestational-age neonates,” European Journal of
Obstetrics Gynecology and Reproductive Biology, vol. 97, no. 2,
pp. 141–146, 2001.
[17] G. Ohel andM. Ruach, “Perinatal outcome of idiopathic small
for gestational age pregnancies at term: the eﬀect of antenatal
diagnosis,” International Journal of Gynecology and Obstetrics,
vol. 55, no. 1, pp. 29–32, 1996.
[18] A. Jahn, O. Razum, and P. Berle, “Routine screening for
intrauterine growth retardation in Germany: low sensitivity
and questionable benefit for diagnosed cases,” Acta Obstetricia
et Gynecologica Scandinavica, vol. 77, no. 6, pp. 643–648, 1998.
[19] S. P. Chauhan, J. N. Martin, C. E. Henrichs, J. C. Morrison,
and E. F. Magann, “Maternal and perinatal complications
with uterine rupture in 142,075 patients who attempted
vaginal birth after cesarean delivery: a review of the literature,”
American Journal of Obstetrics and Gynecology, vol. 189, no. 2,
pp. 408–417, 2003.
[20] J. Gardosi, A. Chang, B. Kalyan, D. Sahota, and E. M.
Symonds, “Customised antenatal growth charts,” Lancet, vol.
339, no. 8788, pp. 283–287, 1992.
[21] A. T. N. Tita, M. B. Landon, C. Y. Spong et al., “Timing
of elective repeat cesarean delivery at term and neonatal
outcomes,” The New England Journal of Medicine, vol. 360, pp.
111–120, 2009.
[22] S. W. Roberts, K. J. Leveno, J. E. Sidawi, M. J. Lucas, and M. A.
Kelly, “Fetal acidemia associated with regional anesthesia for
elective cesarean delivery,” Obstetrics and Gynecology, vol. 85,
no. 1, pp. 79–83, 1995.
[23] M.M. L. VanDenHove, C.Willekes, F. J.M. E. Roumen, and S.
A. Scherjon, “Intrauterine growth restriction at term: Induc-
tion or spontaneous labour? Disproportionate intrauterine
growth intervention trial at term (DIGITAT): a pilot study,”
European Journal of Obstetrics Gynecology and Reproductive
Biology, vol. 125, no. 1, pp. 54–58, 2006.
